If screening for early detection of a disease has been shown to be effective and is to be introduced as a service, three important questions need to be answered: (i) Who should be offered screening?
(ii) How frequently should it be offered? and (iii) Which screening test should be used?
These three questions are interdependent, but for the sake of simplicity, this paper considers only the third. The basic literature on evaluation of screening (for example, McKeown, 1968) lists the evidence required about any screening test, including its safety, acceptability, sensitivity, specificity, cost, improvement in prognosis for cases detected by it, and how often it needs to be repeated. Unfortunately this knowledge alone does not enable a choice to be made between alternative tests. It must be supplemented by information on the monetary value of the benefits of the different alternatives. Assuming that alternative tests are being considered which are equally acceptable and safe, which need to be repeated at the same frequency, and which carry an equally good prognosis, the choice between them will depend on their sensitivities, specificities, and costs, and on the value assigned to the benefits of the different possible outcomes.
THE CHOICE OF TEST
When a group of people are screened, the test divides them into four categories (true positive, false positive, true negative, and false negative) according to whether or not they have the disease and whether or not the test result is positive or negative (Thorner and Remein, 1961) . This is illustrated in Table 1 , which also shows the derivations of the definitions of sensitivity and specificity. Finally, other members of the community may be altruistically concerned about the individual and they may benefit from his improved health. Similarly, values may be placed by society on the other three outcomes of the test.
Let B1, B2, B3, and B4 denote the values assigned to the true positive, false positive, false negative, and true negative outcomes respectively. It is reasonable to assume that in screening for most diseases, B1>B4>B2>B3, with B2 and B3 being negative.
If P is the prevalence of the disease in the people screened, g1 the sensitivity (the proportion of people with the disease who have a positive test), and X2 the specificity (the proportion of people without the disease who have a negative test), then the proportion of people in the four groups will be:
The expected net value of the test is equal to the sum of the probabilities of each of the four outcomes multiplied by the value of each outcome, less the cost of the test. If C is the cost of the test, the expected net value will be: B1Pn1+B2(1-P)(1-n2)+ B3P(1-ll)+ B4(1-P)2-C This expression will vary with the population screened and the type of test used. The population screened will determine the prevalence (P) and also the value of the four outcomes (B1, B2, etc.) . For example, future health service costs are likely to be affected by the age of the people screened. In introducing screening for a given population, therefore, health authorities should have information not only on the sensitivities, specificities, and costs of alternative tests, but also on the values of the four outcomes of screening.
Valuation of outcomes is very difficult, and it is likely to be based on subjective judgements rather than objective measurements. Nevertheless, an attempt should be made (Gravelle, 1976) ; or, at the very least, the decision-makers should make their judgements explicit. If this is not done, decisions will be made on the basis of implicit judgements which are less likely to be questioned and may be based on incorrect criteria, ignoring some of the consequences of the screening programme.
One of these criteria is the yield of the test, that is, the number of true positive cases detected. It is plausible to suggest that since the purpose of screening is to detect disease, the test which does this best (or has the highest sensitivity) is the one that should be used. This criterion ignores the cost of the test; hence it would lead to a preference for 167 test X rather than test Y when X has, say, a 0l 1 % higher sensitivity, but costs twice as much as Y. This criterion also ignores the specificity of the test. If, for example, the majority of screened individuals are incorrectly referred for further investigation, this large number of false positives becomes important.
A somewhat more sophisticated criterion, which remedies one of the defects of the yield criterion, is to examine the cost per case detected. This has the merit that it does not ignore the cost of the test, but it is again based on the assumption that only the true positive outcomes influence the decision on the test to be used. It is a cost-effectiveness criterion in which the only effect or output that is assumed to be relevant is the number of true positives. Youden (1950) , by contrast, proposed an index which depends on both the sensitivity and the specificity of the test. The index is 1 minus the sum of the false negative and false positive proportions.
The index takes account of the correct diagnosis outcomes (true positives and negatives) but it ignores the cost of the test and assumes that true positive and true negative outcomes are equally valuable.
These three criteria and others like them are imperfect because they ignore some of the outcomes, value them arbitrarily, or ignore the cost of the test. In order to choose the best test, all the outcomes must be valued so that the total value of, and costs of, the different tests can be compared. However, even without specific information on the values of the outcomes, it is possible to choose between some tests on the grounds of efficiency. A test is inefficient if another test exists which either costs less and has at least as large a sensitivity and specificity, or costs no more and has greater sensitivity (specificity) and at least as large a specificity (sensitivity). Once (Chamberlain et al., 1975) . In this programme, each woman receives two independent clinical examinations, one by a doctor, and one by a nurse. The woman undergoes x ray mammography and the films are subsequently read, independently and without knowledge of the clinical findings, by two radiologists. Thus, each of four different observers makes an independent decision on whether or not the woman should be referred for a surgical opinion. If one of the four recommends it, the woman is referred through her general practitioner to a surgical outpatients' department for further investigation and treatment if necessary. The screening test is classified as positive if referral is recommended, negative if it is not. All the women are followed up six months later, apart from those in whom cancer is diagnosed by screening (the true positives); and it is assumed that any cancers diagnosed during the six-month interval were, in fact, present at the time of the first screening but were missed by it (false negatives). By comparing the verdict at the first screen with the diagnosis six months later, the women can be allocated to the four test outcomes-true positives, false positives, true negatives, and false negatives.
Because each observer records his or her verdict independently of the others, the sensitivity and specificity ofeach observer's verdict can be calculated separately, and so can the eleven possible combinations of two or more observers, thus giving a total of 15 different combinations. As an example, Table 2 shows the verdicts for 1500 unselected women attending the clinic if screening had been Table 3 . The negative relationship between sensitivity and specificity, whereby increases in sensitivity are usually gained at the expense of decreases in specificity, is also seen in Table 3 . This is to be expected, because each observer will refer some women not referred by the others, so that the numbers referred will increase with increasing numbers of observers. Some of the additional women referred will have cancer (increased sensitivity) and some will be false positives (decreased specificity).
It must be emphasised that the figures quoted here should be looked at with caution. They are Table 3 .
EFFICIENCY OF TESTS
The data in Table 3 show that some tests can be discarded as inefficient. Test 2 is of equal sensitivity to Test 6 but it is more specific and costs less. Test 9 is more efficient than Tests 11 and 13, and Test 7 is more efficient than Test 8.
THE EFFECT OF ASSUMPTIONS ABOUT VALUE
The choice among the remaining 11 efficient tests requires valuation of the true positive, false positive, false negative and true negative outcomes. In the absence of estimates of the benefits of outcomes, Table 4 gives some alternative, arbitrary, but 
perhaps not entirely implausible, assumptions about the values of B1, B2, B3 and B4. On assumption (a), the value of a true positive is £2000, of a false positive -£100, of a false negative -£1000, and of a true negative £10. The remaining assumptions alter these values in turn so that they then represent 50%, 150%, and 200% of those on assumption (a). The expected net benefit was calculated for each test on the different assumptions. For example, with Test 1 on assumption (a): P=16/1500 Ri1=05 xE2=00933 C=£3009 B1=£2000 B2=--£100 B3=--£1000 B4=£10 Substituting these values in the formula derived earlier (see p. 167) gives an expected net benefit per screen of: 00 (16x0o5x2000)+(1484x0.067x -100) +(16x0.Sx -1000)+(1484x0.933x 10) -3 09 =f4A85 Table 5 shows which of the tests has the highest expected net benefit on each of the different assumptions. It is clear that the choice of test is crucially dependent on judgements about the value of the screen outcomes. The higher the assumed value of a true positive outcome, or the greater (negatively) the value of the false negative outcome, To discover whether this is true of breast cancer screening, the data in Table 3 were sent to a small number of community physicians in academic and service posts, who were asked to select, in order of preference, the three tests they considered most appropriate for a screening service. They were not given details of the observers used in the various tests. The physicians were asked to make several assumptions: for example, that the figures shown in Table 3 would still hold if a larger number of women were screened, that the prognosis for cases detected at screening would not vary between the alternative tests, and that all the tests were completely safe.
Of the 10 doctors approached, eight responded, and the answers they gave are shown in Table 6 . 
